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B U B O N I C  P L A G U E :  H I S T O R Y  A N D  E P I D E M I O L O G Y  
M o r g a n  S i e g r i s t ,  D V M  c a n d i d a t e ,  M P H  c a n d i d a t e  
" R i n g  a r o u n d  t h e  r o s i e s ,  p o c k e t  f u l l  o f  p o s i e s  . . .  "  A  v e r y  c o m m o n  c h i l d h o o d  r h y m e  
t h a t  w e  h a v e  a l l  s a n g  a t  o n e  p o i n t .  W h a t  w e  d i d  n o t  k n o w  a s  k i d s  w a s  t h a t  t h e  r h y m e  
w a s  t h o u g h t  t o  d e s c r i b e  t h e  B u b o n i c  P l a g u e ,  a l s o  k n o w n  a s  t h e  B l a c k  D e a t h .  T h e r e  i s  
d e b a t e  a b o u t  w h e t h e r  t h e  s o n g  w a s  a c t u a l l y  w r i t t e n  a b o u t  t h e  d i s e a s e .  W h i l e  t h e r e  i s  
e v i d e n c e  f o r  b o t h  s i d e s ,  m a n y  b e l i e v e  t h a t  t h e  c o n n e c t i o n  t o  t h e  p l a g u e  w a s  m a d e  a f t e r  
t h e  r h y m e  w a s  w r i t t e n ,  b u t  i t  d o e s  a  g o o d  j o b  o f  s u m m i n g  u p  t h e  d i s e a s e  n o n e  t h e  l e s s .  
" R i n g  a r o u n d  t h e  r o s i e s "  r e f e r s  t o  t h e  r e d  r a s h e s  i n  t h e  s h a p e  o f r i n g s  t h a t  a p p e a r e d  
o n  t h e  i n f e c t e d  p e r s o n ' s  s k i n .  A  " p o c k e t  f u l l  o f  p o s i e s "  p r o t e c t e d  p e o p l e  f r o m  c a t c h i n g  
t h e  d i s e a s e ,  b e c a u s e  i t  w a s  h y p o t h e s i z e d  t h r o u g h o u t  h i s t o r y  t h a t  d i s e a s e  w a s  s p r e a d  
b y  b a d  s m e l l s  i n  t h e  a i r  a n d  t h a t  t h e o r y  h e l d  s t r o n g  u n t i l  s c i e n t i s t s  p r o v e d  o t h e r w i s e  
( Z i e t z  &  D u n k e l b e r g ,  2 0 0 4 ) .  " A s h e s ,  a s h e s "  w a s  w h a t  w a s  l e f t  a f t e r  t h e  d e a d  w e r e  
b u r n e d  b e c a u s e  t h e r e  w e r e  t o o  m a n y  t o  b e  b u r i e d .  " W e  a l l  f a l l  d o w n  [ d e a d ] "  i s  w h a t  
w o u l d  e v e n t u a l l y  h a p p e n  i f  y o u  c a u g h t  t h e  d i s e a s e  ( " R i n g  a r o u n d  t h e  R o s y  R h y m e ; "  
" R i n g  A r o u n d  t h e  R o s i e , "  2 0 0 7 ;  " R i n g  a  R i n g  . . .  , "  2 0 0 8 ) .  O u t b r e a k s  o f  t h e  b u b o n i c  
p l a g u e  h a d  a  h u g e  i m p a c t  o n  e c o n o m i c a l  s t r u c t u r e s  a n d  t h e  d e m a n d  f o r  p u b l i c  h e a l t h  
i n t e r v e n t i o n  ( B o i s e i e r  e t  a l ,  2 0 0 2 ;  S i l v a ,  2 0 0 1  ) .  T h e  d i s e a s e  i s  a l s o  a  p r i m e  e x a m p l e  o f  a  
z o o n o t i c  d i s e a s e .  
T h e r e  w e r e  t h r e e  m a j o r  p a n d e m i c s  r e c o r d e d ,  w h i c h  a r e  s t u d i e d  b y  s c i e n t i s t s  a n d  
e p i d e m i o l o g i s t s  w o r l d w i d e .  T h e  m o s t  r e c e n t  p a n d e m i c  o r i g i n a t e d  i n  C h i n a  a r o u n d  
1 8 5 5  a n d  b e c a m e  a  p a n d e m i c  a r o u n d  1 8 9 4 .  B y  t h e  b e g i n n i n g  o f  t h e  2 0 t h  c e n t u r y  t h e  
d i s e a s e  w a s  o n  a  r a m p a g e  a g a i n ,  a n d  t h e r e  s t i l l  w a s  n o t  a  c l e a r  u n d e r s t a n d i n g  o f  h o w  t h e  
d i s e a s e  w a s  s p r e a d  a n d  w h a t  a c t u a l l y  c a u s e d  i t .  M e d i c i n e  u p  t o  t h i s  p o i n t  w a s  a b l e  t o  g i v e  
a  p r e t t y  a c c u r a t e  e x p l a n a t i o n  a b o u t  t h e  g e n e r a l  i d e a  o f  h o w  t h e  d i s e a s e  w a s  s p r e a d ,  b u t  
t h e  d e t a i l s  w e r e  n o t  d e f i n e d .  D u r i n g  t h i s  p a n d e m i c ,  s c i e n t i s t s  d e t e r m i n e d  t h a t  m i c r o b i a l  
i n f e c t i o n  d i d  n o t  a p p e a r  s p o n t a n e o u s l y ,  t h a t  r a t s  m i g h t  b e  t h e  c o n n e c t i o n  t o  t h e  d i s e a s e ,  
a n d  t r e a t m e n t s  a n d  v a c c i n e s  w e r e  s t a r t i n g  t o  b e  d e v e l o p e d  t o  t r e a t  t h e  d i s e a s e .  1 6 5 8  
w a s  w h e n  i t  w a s  f i r s t  d e t e r m i n e d  t h a t  a  m i c r o o r g a n i s m  w a s  c a u s i n g  t h e  d i s e a s e ,  b u t  
i t  i s  u n c l e a r  w h e t h e r  t h e  s c i e n t i s t  w a s  a c t u a l l y  s e e i n g  t h e  c a u s a t i v e  a g e n t ,  b e c a u s e  t h e  
q u a l i t y  o f  t h e i r  m i c r o s c o p y  w a s  s t i l l  v e r y  l i m i t e d ;  Y .  p e s t i s  i d e n t i f i e d  i n  1 8 9 4  w h e n  a n  
e p i d e m i c  s p r e a d  t h r o u g h  H o n g  K o n g .  B e f o r e  t h e s e  d i s c o v e r i e s ,  c o u n t r i e s  t r i e d  t o  t a k e  
p r e v e n t a t i v e  m e a s u r e s  b y  u t i l i z i n g  q u a r a n t i n e  p r a c t i c e s ,  m o n i t o r i n g  d e a t h  r a t e s  a n d  
k e e p i n g  t h e  p u b l i c  u p  t o  d a t e  o n  t h i s  i n f o r m a t i o n ;  w h e n  t h e  d e a t h  r a t e s  r o s e ,  t h e  p u b l i c  
l e f t  t o w n  ( Z i e t z  &  D u n k e l b e r g ,  2 0 0 4 ) .  
T h e  g e n e r a l  p o p u l a t i o n  h a s  h e a r d  a b o u t  B l a c k  D e a t h  o u t b r e a k s  a n d  m o r e  s p e c i f i c a l l y  
t h e  p a n d e m i c  t h a t  s t a r t e d  i n  E u r o p e  a n d  s p r e a d  w o r l d w i d e  b e t w e e n  t h e  1 4
t h
- 1 6
t h  
c e n t u r i e s ,  b u t  w h a t  m a n y  d o  n o t  k n o w  i s  t h a t  t h i s  d i s e a s e  i s  s t i l l  a  p r o m i n e n t  c o n c e r n  
i n  m o d e r n  t i m e s .  E a c h  y e a r ,  1 0 0 0 - 3 0 0 0  p e o p l e  d i e  d u e  t o  t h i s  d i s e a s e .  C a s e s  h a v e  b e e n  
r e p o r t e d  i n  B r a z i l ,  D e m o c r a t i c  R e p u b l i c  o f  t h e  C o n g o ,  M a d a g a s c a r ,  M y a n m a r ,  P e r u ,  
V i e t  N a m ,  a n d  e v e n  t h e  U S A  ( K e e l i n g  &  G i l l i g a n ,  2 0 0 0 ;  Z i e t z  &  D u n k e l b e r g ,  2 0 0 4 ) .  
T h e  b u b o n i c  p l a g u e  i s  c a u s e d  b y  Y e r s i n i a  p e s t i s ,  a n d  t h e  d i s e a s e  i s  c o n s i d e r e d  a  z o o n o s i s  
1 3 2  I n t e r n a t i o n a l  J o u r n a l  o f  G l o b a l  H e a l t h  a n d  H e a l t h  D i s p a r i t i e s  
1
S i e g r i s t :  B u b o n i c  P l a g u e :  H i s t o r y  a n d  E p i d e m i o l o g y
P u b l i s h e d  b y  U N I  S c h o l a r W o r k s ,  2 0 0 9
(Keeling & Gilligan, 2000). The initial symptoms usually include fever, headache, and 
general illness, which progresses to painful, swollen regional lymph nodes, also referred 
to as buboes (National Park Service, 2005). The disease manifests quickly (1-6 days) 
and then spreads rapidly to the blood and then the respiratory system. The disease is 
highly contagious from person to person and causes primary septicemic plague and 
primary pneumonic plague. Septicemic plague is caused by lesioned skin coming in 
direct contact with infected tissue or bodily fluids, and pneumonic plague occurs when 
an individual inhales respiratory droplets from an infected host (Zietz & Dunkelberg, 
2004). Historically, the epidemic studies focused on the disease in the human population 
and not determining the cause of the outbreaks. When the study of the human populace 
did not appear to advance the understanding of the disease the efforts were redirected 
to searching for the cause by focusing on the relationships between rat, flea and human 
populations (National Park Service, 2005) . The culprit was thought to be the black rat, 
and while this is indirectly true, the real danger is the infected flea . Human epidemics 
usually followed epidemics of the rat population. The disease would ravage the rat 
population, leaving the fleas in search of a new live host. Unable to find another rat, 
their new host becomes a person (Keeling & Gilligan, 2000). Reviews of current cases 
indicate that, while the rat is the primary host for transporting the disease, there are 
multiple hosts for the flea, including shrews, squirrels and rabbits (Boiseier et al, 2002) . 
All of these rodents have high populations, meaning that using preventative pest control 
measures to eliminate the hosts are impractical and futile (National Park Service, 2005 ). 
Another problem with pest control is that it cannot be done during an active epidemic. 
Killing the host does not kill the infected flea, meaning the flea has to find a new host, 
which ends up being humans, and this exacerbates the problem. As if natural occurrence 
of the disease was not a big enough concern, biochemical warfare contributes to 
epidemics of the Black Death throughout history. Several outbreaks in China during 
WWII were attributed to attacks by the Japanese. In addition, prisoners of war were 
used to test biochemical weapons. 
One of the major questions is: what puts people at a higher risk of exposure? It 
is hypothesized that people who live in highly populated areas with poor sanitary 
conditions are at higher risk of being exposed to the disease. These areas tend to have a 
denser population of rodents who are potential hosts for infected fleas. Many scientists 
are looking more in depth at the relationships between rat, flea and human populations. 
Public health concerns about this disease are rising. Emerging resistant strains, the use 
of biochemical warfare, and the re-emergence of the disease in areas that have not had 
outbreaks for many years may be indications that this disease could potentially become a 
prominent public health concern in the future (Keeling & Gilligan, 2000) . 
LITERATURE REVIEW 
While the pandemics that have occurred throughout history are significant markers 
of how much impact the disease can have, many studies are looking at present day 
endemics and epidemics. Understanding the pathogenesis and spread of the disease 
and developing preventative measures are important focuses in order to avoid another 
devastating pandemic. Boiseier, et al did a case study on four successive outbreaks of 
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t h e  B u b o n i c  P l a g u e  b e t w e e n  1 9 9 5  a n d  1 9 9 8 .  D u r i n g  t h i s  t i m e ,  1 , 7 0 2  s u s p e c t e d  c l i n i c a l  
c a s e s  w e r e  r e p o r t e d  a n d  5 1 5  w e r e  c o n f i r m e d  b y  l a b o r a t o r y  t e s t s  f o r  Y e r s i n i a  p e s t i s  ( Y .  
p e s t i s ) .  V a r i a b i l i t y  w a s  i n t r o d u c e d  b a s e d  o n  a g e  a n d  s e x ,  a n d  t h e  r e s e a r c h e s  a d d r e s s e d  
t h e s e  i s s u e s  i n  t h e i r  e v a l u a t i o n .  T h e r e  s e e m e d  t o  b e  a  h i g h e r  p r o p o r t i o n  o f  m a l e  c a s e s ,  
t h e  m a j o r i t y  o f  w h i c h  w e r e  2 5  y e a r s  a n d  y o u n g e r .  T h e  d e a t h  r a t e  a m o n g  p a t i e n t s  w a s  
c o n s i s t e n t  f r o m  y e a r  t o  y e a r ,  r a n g i n g  f r o m  6 . 7 %  t o  9 . 3 % ,  a n d  t h e r e  d i d n ' t  s e e m  t o  b e  
a n y  a s s o c i a t i o n  b e t w e e n  v a r i a b l e  a n d  d e a t h  o t h e r  t h a n  v i c t i m s  t e n d e d  t o  h a v e  h i g h  
t e m p e r a t u r e s .  T h e  o u t b r e a k s  o f  t h e  d i s e a s e  o c c u r r e d  d u r i n g  t h e  c o o l e s t  t e m p e r a t u r e s  o f  
t h e  y e a r s  a n d  t h e  n u m b e r  o f  c a s e s  d e c r e a s e d  d u r i n g  t h e  r e s t  o f  t h e  y e a r .  T h e  a r t i c l e  d o e s  
n o t  a d d r e s s  a  p o s s i b l e  r e a s o n  f o r  t h i s  o c c u r r e n c e .  O t h e r  p o s s i b l e  e n v i r o n m e n t a l  f a c t o r s  
i n c l u d e d  p r e s e n c e  o f  d e a d  r a t s  a r o u n d  t h e  h o m e s  o f  t h e  i n f e c t e d ,  a n d  a  d e m o g r a p h i c  
m a p  o f  t h e  p o p u l a t i o n  d i s t r i b u t i o n  o f  M a h a j a n g a ,  M a d a g a s c a r  i n d i c a t e d  t h a t  t h e  m o s t  
u n h e a l t h y  a n d  d e n s e l y  p o p u l a t e d  d i s t r i c t s  h a d  t h e  h i g h e s t  o c c u r r e n c e  o f  i n c i d e n c e s  
( B o i s e i e r  e t  a l ,  2 0 0 2 ) .  
S i n c e  t h e  a r e a  h a d  n o t  s e e n  a n  o u t b r e a k  o f  t h i s  d i s e a s e  i n  o v e r  6 0  y e a r s ,  t h e  s u d d e n  
r e e m e r g e n c e  o f  t h e  d i s e a s e  f o r  s o  m a n y  c o n s e c u t i v e  y e a r s  b r o u g h t  u p  p u b l i c  h e a l t h  
c o n c e r n s  a n d  q u e s t i o n s  a b o u t  t h e  e t i o l o g i c  c a u s e s  o f  t h e  d i s e a s e .  T h r o u g h  e p i d e m i o l o g i c  
s t u d i e s ,  t h e  g o a l  i s  t o  a n s w e r  t h e s e  q u e s t i o n s  i n  t h e  h o p e  o f  p r e v e n t i n g  a  s e v e r e  
o u t b r e a k  o f  t h e  d i s e a s e .  T h i s  a r t i c l e  i n t r o d u c e s  i n f o r m a t i o n  t h a t  l a y s  g r o u n d s  f o r  f u r t h e r  
i n v e s t i g a t i o n .  T h e  d a t a  p r e s e n t e d  p r o v i d e s  s u p p o r t i n g  e v i d e n c e  f o r  p o s s i b l e  v a r i a b l e s  
i n v o l v e d  i n  t h e  e p i d e m i c s .  M a n y  s t u d i e s  s u g g e s t  t h a t  h i g h e r  d e n s i t y  p o p u l a t i o n s  w i t h  
p o o r e r  h y g i e n e  t e n d  t o  b e  m o r e  s u s c e p t i b l e  t o  d i s e a s e  o u t  b r e a k s ,  a n d  t h e  a c t u a l  r e a s o n  
f o r  t h i s  i s  s t i l l  b e i n g  s t u d i e d .  I t  i s  t h o u g h t  t h a t  p e o p l e  a r e  l i v i n g  c l o s e r  t o g e t h e r  a n d  t h e  
u n s a n i t a r y  c o n d i t i o n s  p r o v i d e  a  h o m e  t o  r o d e n t s  t h a t  c a r r y  t h e  d i s e a s e  i n f e s t e d  f l e a s  
t h a t  p a s s  t h e  P l a g u e  t o  h u m a n s .  T h i s  s t u d y  w a s  n o  e x c e p t i o n ;  t h e  c r o w d e d  u n s a n i t a r y  
d i s t r i c t  h a d  t h e  l a r g e s t  n u m b e r  o f  r e p o r t s .  T h e  p a p e r  a l s o  c l e a r l y  s t a t e s  t h a t  t h e r e  
s e e m s  t o  b e  a  r e l a t i o n s h i p  i n v o l v i n g  a g e ,  b u t  f u r t h e r  i n v e s t i g a t i o n  n e e d s  t o  b e  d o n e  
i n  o r d e r  t o  d e t e r m i n e  i f  t h e  a s s o c i a t i o n  i s  s p u r i o u s  o r  r e a l .  G e n d e r  i s  a  c o n f o u n d i n g  
f a c t o r  d e p e n d e n t  o n  l o c a t i o n ,  b e c a u s e  w h i c h  g e n d e r  i s  p r e d o m i n a n t  i n  t h e  c a s e s  v a r i e s  
d e p e n d i n g  o n  l o c a t i o n  ( B o i s e i e r  e t  a l ,  2 0 0 2 ) .  
T h e  s t u d y  s e e m s  t o  s k i m  t h e  s u r f a c e  o f  a  l o t  o f  i d e a s .  I t  t a l k s  a b o u t  t e m p e r a t u r e  
a f f e c t s ,  a g e  a n d  g e n d e r  v a r i a b l e s ,  l o c a t i o n  i n  t h e  c i t y ,  p r e s e n c e  o f  s e c o n d a r y  d i s e a s e s  
a s s o c i a t e d  w i t h  i n f e c t i o n ,  r o d e n t  p o p u l a t i o n s ,  a n d  t o p o g r a p h y  a s  p o s s i b l e  v a r i a b l e s  
t h a t  i n f l u e n c e  w h e t h e r  a n  o u t b r e a k  o c c u r s  a n d  w h o  i s  i n f e c t e d .  T h e  r e s e a r c h e r s  b r i e f l y  
a d d r e s s  p o s s i b l e  d i s c r e p a n c i e s  i n  t h e i r  s t u d i e s  t h a t  m a y  c a u s e  b i a s  i n  t h e  r e s u l t s .  T h e  
c a s e  s t u d y  d e s i g n  d e p e n d s  o n  t h e  p o p u l a t i o n  s a m p l e  t o  r e p o r t  i n f o r m a t i o n ,  a n d  t h e r e  
i s  e v i d e n c e  t h a t  t h e  p o p u l a t i o n  d i d  n o t  r e p o r t  a c c u r a t e l y  t h e  o n s e t  a n d  s e v e r i t y  o f  t h e  
d i s e a s e  r i g h t  a w a y .  T h e r e  a r e  a l s o  c a s e s  t h a t  n e v e r  m a k e  i t  t o  t h e  h o s p i t a l  t h a t  a r e  n o t  
a c c o u n t e d  f o r  a n d  o u t  o f  t h e  1 , 7 0 0  p o t e n t i a l  c a s e s ,  o n l y  t h e  l a b o r a t o r y  c o n f i r m e d  c a s e s  
w e r e  u s e d  i n  t h e s e  e v a l u a t i o n s .  I n  a d d i t i o n  t o  t h e s e  l i m i t i n g  f a c t o r s ,  h o s p i t a l  r e c o r d s  m a y  
i n t r o d u c e  d i s c r e p a n c i e s  d u e  t o  p o o r  r e c o r d s .  T h e  s t u d y  p r o v i d e s  s u p p o r t i v e  d a t a  t h a t  
l a y s  t h e  g r o u n d w o r k  f o r  f u r t h e r  i n v e s t i g a t i o n  i n  o r d e r  t o  d e t e r m i n e  t h e  c a u s a t i v e  f a c t o r s  
f o r  t h i s  d i s e a s e  a n d  t h e  s t r e n g t h  o f  t h e  a s s o c i a t i o n s  t h a t  s e e m  t o  b e  p r e s e n t  i n  t h i s  s t u d y .  
T h e  i n f o r m a t i o n  i s  a l s o  b e i n g  u s e d  t o  s e t  p r e v e n t a t i v e  m e a s u r e s  i n  o r d e r  t o  i m p r o v e  
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public health and prevent outbreaks from spreading to surrounding areas. Suggestions 
to prevent the spread of the Plague due to increased trading and travel include better 
surveillance, rat proofing transport structures, and improving import/export regulations 
and monitoring (Boiseier et al, 2002). 
By looking at history, recent outbreaks, and changing behaviors of Y. pestis, Keeling 
and Gilligan carried out a metapopulation model of the zoonosis for the bubonic plague. 
The researchers evaluated the disease dynamics in rat, flea and human populations, and 
the postulated " .. . that bubonic plague persists even in quite small rodent populations 
and therefore the observed historical dynamics are caused by fluctuations in the number 
ofrat cases rather than random imports of infection." The plague is found throughout 
the United States, southern Asia, southern Africa and South America. As previously 
stated, 1000-3000 deaths a year occur because of this disease, and understanding 
the zoonosis of the disease will help prevent historical pandemics from reoccurring. 
The process of transmission is detailed in the study and connections between rat, flea 
and human populations help to describe the pattern of outbreaks among the human 
population. The disease is transmitted between rats via the flea, and when there is an 
epidemic among the rat population, it decreases drastically. When the rats die, the fleas 
are left to look for a new host which is usually another rat. Coexistence of human and 
rat populations, in densely populated areas, gives fleas a second host to choose from if 
they cannot find another rat. It is claimed that the dynamics of the human population 
do not affect the behavior of the disease; the rat epidemic just continues in the human 
population during an outbreak. Evidence shows that human outbreaks of the disease lag 
behind rat epidemics consistently throughout history. When the disease appears in the 
human population, it usually indicates the disease is on a rampage in the rat population, 
meaning there is a substantial infectious flea population (Keeling & Gilligan, 2000). 
There are other factors that contribute to the likely hood of an outbreak, but these 
are likely to be confounding factors rather than causative agents. Outbreaks seem to 
be seasonal. Temperatures and humidity affect flea activity and because of this, the 
flea populations increase and are more active during ideal environmental conditions. 
The susceptibility of the rodent population to disease also seems to have an impact on 
whether the disease becomes present in the human population. If the rats are more 
susceptible, they are devastated by the disease more quickly and the disease begins to 
infiltrate the human population . Past studies have focused on the diseases progression 
through the human population, but they have not reviewed the etiologic factor of 
the disease . This caused misconceptions about how the disease was transmitted . It 
was claimed that the disease was brought into areas by introducing foreign rats, but 
through evaluation of rat populations, it has been determined that native rat populations 
maintain an endemic level of the disease that persists for years with seemingly random 
epidemics. These random outbreaks are then mirrored in the human population if the 
disease was devastating enough to the rat populations (Keeling & Gilligan, 2000). 
Concentrations of wild rat populations and human population density seem to be 
important factors for exposure. For example, it is estimated that there is at least one 
rat for every person in New York, meaning there are potentially 4500 rats per square 
kilometer. Therefore, if the rat population suffers a devastating enough epidemic, it 
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c o u l d  c a u s e  s e v e r e  p u b l i c  h e a l t h  p r o b l e m s  f o r  t h e  h u m a n  p o p u l a t i o n  i n  t h a t  c i t y .  T h e  
d y n a m i c s  o f  t h e  d i s e a s e  i n  t h e  r a t  p o p u l a t i o n s  a r e  i n f l u e n c e  b y  f o u r  p r i m a r y  f a c t o r s :  
" i .  i n  t h e  a b s e n c e  o f  t h e  d i s e a s e ,  t h e  p r o p o r t i o n  o f  s u s c e p t i b l e  r a t s  i n c r e a s e s ;  
i i .  e p i d e m i c s  a n d  e n d e m i c s  c a n  i n f e c t  n e i g h b o r i n g  s u s c e p t i b l e  p o p u l a t i o n s ;  
i i i .  h i g h l y  s u s c e p t i b l e  s u b p o p u l a t i o n s  g i v e  r i s e  t o  s h o r t - l i v e d  e p i d e m i c s  
i v .  m o d e r a t e l y  s u s c e p t i b l e  s u b p o p u l a t i o n s  c a n  o f t e n  l e a d  t o  e n d e m i c  p e r s i s t e n c e . "  
T h e s e  d y n a m i c s  c a n  s e t  u p  g r o u n d s  f o r  a n  e p i d e m i c  i n  t h e  r a t  p o p u l a t i o n  t h a t  c a n  
l e a d  t o  a n  o u t b r e a k  i n  t h e  s u r r o u n d i n g  h u m a n  p o p u l a t i o n .  D i s t r i b u t i o n  o f  t h e  d i s e a s e  
p l a y s  a  r o l e  i n  t h e s e  f a c t o r s  a s  w e l l .  T h e  d i s e a s e  p e r s i s t s  i n  r a t  p o p u l a t i o n s ,  b e c a u s e  
e n d e m i c s  o f  t h e  d i s e a s e  a r e  f o u n d  i n  s p o r a d i c  r e g i o n s .  N e i g h b o r i n g  r a t  p o p u l a t i o n s  
w o u l d  m o s t  l i k e l y  b e  m o r e  s u s c e p t i b l e ,  a n d  t h i s  a l l o w s  t h e  d i s e a s e  t o  p e r s i s t  a n d  
e v e n t u a l l y  c a n  d e v e l o p  i n t o  a n  e p i d e m i c  ( K e e l i n g  &  G i l l i g a n ,  2 0 0 0 ) .  
T h e  s t u d y  s h o w s  t h a t  t h e  P l a g u e  i s  u n i q u e  t o  o t h e r  z o o n o t i c  d i s e a s e s ,  b e c a u s e  t h e  
o c c u r r e n c e  o f  t h e  d i s e a s e  i n  t h e  h u m a n  p o p u l a t i o n  i s  d e p e n d e n t  o n  m o r t a l i t y  o f  t h e  
r a t  p o p u l a t i o n  r a t h e r  t h a n  t h e  p r e s e n c e  o f  t h e  r o d e n t .  N o t  d e t e r m i n i n g  t h e  a c t u a l  r a t  
p o p u l a t i o n  i n  a  r e g i o n  i n t r o d u c e d  a  p o s s i b l e  v a r i a b l e  i n t o  t h e  s t u d y .  A n o t h e r  s t a t e d  
c o n c e r n  w a s  d e t e r m i n i n g  t h e  c h a n c e  t h a t  a n  i n f e c t e d  f l e a  w i l l  g o  f r o m  i t s  r a t  h o s t  t o  a  
h u m a n  h o s t  i s  d e p e n d e n t  o n  m a n y  o t h e r  v a r i a b l e s  t h a t  w e r e  n o t  c o n t r o l l e d  f o r  i n  t h i s  
s t u d y .  T h e  s t u d y  l o o k e d  a t  p a t t e r n s  o f  r a t  a n d  h u m a n  o u t b r e a k s  a n d  d e t e r m i n e d  p a t t e r n s  
u s i n g  m a t h e m a t i c a l  e x p l a n a t i o n ;  i t  d i d  n o t  f o c u s  o n  e s t a b l i s h i n g  s t a t i s t i c a l  s u p p o r t  
f o r  i t s  c l a i m s .  S i n c e  t h e  d i s e a s e  i s  c a u s e d  b y  i n f e c t e d  f l e a s  g o i n g  f r o m  r a t  t o  h u m a n  
p o p u l a t i o n s  w h e n  t h e  r a t  p o p u l a t i o n  i s  d e v a s t a t e d  b y  a n  e p i d e m i c ,  k i l l i n g  r a t s  w h e n  t h e  
d i s e a s e  a p p e a r e d  i n  t h e  h u m a n  p o p u l a t i o n  w o u l d  e x a c e r b a t e  t h e  p r o b l e m  r a t h e r  t h a n  
r e s o l v e  i t .  T o  a d d r e s s  t h e  r i s k  f a c t o r s ,  t h e  r e s e a r c h e r s  s u g g e s t  p r e v e n t a t i v e  m e a s u r e s  f o r  
c o n t r o l  o f  t h e  r a t  a n d  f l e a  p o p u l a t i o n s  b e f o r e  a n  o u t b r e a k  o c c u r s .  I f  t h e  d i s e a s e  c a n n o t  
s p r e a d  t o  n e i g h b o r i n g  p o p u l a t i o n s ,  t h e n  t h e  d i s e a s e  i s  l e s s  l i k e l y  t o  p r o g r e s s  t o  e p i d e m i c  
p r o p o r t i o n s  i n  t h e  r a t  p o p u l a t i o n  w h i c h  c a n  t h e n  s p r e a d  t o  t h e  s u r r o u n d i n g  h u m a n  
p o p u l a t i o n  ( K e e l i n g  &  G i l l i g a n ,  2 0 0 0 ) .  
S e b b a n e  e t  a l  f o c u s e d  o n  w h a t  t h e  f l e a  o f  r o d e n t s  w a s  a c t u a l l y  p a s s i n g  o n  w h e n  
t r a n s m i t t i n g  t h e  d i s e a s e .  T h e i r  r e s u l t s  c a m e  f r o m  c o n t r o l l e d  l a b o r a t o r y  t e s t i n g  o f  t h e  
Y .  p e s i t i s .  W h a t  t h e y  d i s c o v e r e d  i s  t h a t  t h e  b a c t e r i a  c a n  c a u s e  t h e  b u b o n i c  p l a g u e  a n d  
p r i m a r y  s e p t i c e m i c  p l a g u e .  I t  a l l  d e p e n d s  o n  w h e t h e r  a  p l a s m i d - e n c o d e d  c e l l - s u r f a c e  
p l a s m i n o g e n  ( P i a )  i s  p r e s e n t  o n  t h e  b a c t e r i a .  T h e  r e s u l t s  s u g g e s t  t h a t  t h e  b u b o n i c  p l a g u e  
w a s  a n  e v o l u t i o n a r y  d e v e l o p m e n t  o f  t h i s  P i a .  W h e n  t h e  P i a  i s  p r e s e n t  i t  c a u s e s  p r i m a r y  
s e p t i c e m i c  p l a g u e ,  a n d  i n  i t s  a b s e n c e ,  t h e  b u b o n i c  p l a g u e  p e r s i s t s  a n d  a  s e c o n d a r y  
d i s e a s e  t h a t  m a y  d e v e l o p  f r o m  t h i s  i s  s e p t i c e m i c  p l a g u e .  T h e  r e s e a r c h e r s  u s e d  a  w i l d  t y p e  
o f Y .  p e s t i s  a n d  m u t a t e d  f o r m  o f  t h e  b a c t e r i a  t h a t  w a s  P i a  n e g a t i v e .  T h e y  i n j e c t e d  t h e  
b a c t e r i a  i n t r a d e r m a l l y  ( I D )  o r  t r a n s m i t t e d  t h e  d i s e a s e  u s i n g  f l e a s  i n t o  g r o u p s  o f t e n  m i c e .  
T h e  f l e a s  m i m i c k e d  h o w  t h e  d i s e a s e  i s  t r a n s m i t t e d  i n  n a t u r e .  T h e  b a c t e r i a  i s  t r a n s m i t t e d  
"  . . .  f r o m  a  p e r i p h e r a l  f l e a b i t e  s i t e  v i a  t h e  l y m p h a t i c  s y s t e m  t o  t h e  r e g i o n a l  l y m p h  n o d e s . "  
F r o m  h e r e ,  d e p e n d i n g  o n  w h e t h e r  P i a  i s  p r e s e n t  o r  n o t ,  t h e  d i s e a s e  p r o g r e s s e s  t o  t h e  
b u b o n i c  p l a g u e  o r  t o  p r i m a r y  s e p t i c e m i c  p l a g u e .  W i t h  t h e  b u b o n i c  p l a g u e ,  i n f l a m m a t i o n  
c a u s e s  e d e m a t o u s ,  n e c r o t i c ,  s w o l l e n  a n d  p a i n f u l  l y m p h  n o d e s  c a l l e d  b u b o e s .  P r i m a r y  
s e p t i c e m i c  p l a g u e  g o e s  s t r a i g h t  t o  t h e  b l o o d  a n d  c a u s e s  a  p a t h o g e n e s i s  o f  t h e  b l o o d  
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(Sebbane et al, 2006) . 
Without the Pia, the bacteria cannot overcome the lymph node barrier, meaning 
the bubonic plague does not become systemic as quickly as the Pia positive bacteria. By 
using a wild type of the bacteria in fleas, it was determined that both diseases developed, 
so this suggests that the fleas are transmitting both forms of the bacteria to their hosts, 
which leads to the bubonic plague and primary septicemic plague . Another observation 
made was that mice infected with the Pia negative bacteria lived longer, and this may 
explain why the disease persists in rat populations. This persistence would provide 
a longer opportunity for the disease to spread and become an endemic or even an 
epidemic in the population . Since the Pia negative bacteria seems to be an evolutionary 
modification, it is believed that rats carry both forms of the bacteria and could cause 
either disease in the host it passes the infection to. One variable that the researchers 
did address was whether the saliva of the flea influenced how the bacteria diffused 
throughout the host, and their results indicated that the " . .. salivary gland extract did 
not enhance the infectivity or affect the dissemination route of the ID-injected bacteria." 
(Sebbane et al, 2006). 
There are concepts that are not answered by this study that need to be looked at 
more closely. It is unclear whether the Pia positive bacteria travels through the lymph 
nodes first before emptying into the blood or if the bacteria diffuses through the tissue 
and directly into the blood stream. Because the flea's mouth is not long enough to 
penetrate into the dermis where the blood supply is found, it is unclear how the bacteria 
could be deposited directly in the blood. One of the next steps for this study would 
to be to look at the actual process of transmission in order to better understand the 
pathogenesis of the disease. The researchers did not address possible variables in their 
study and did not define what further investigation should be done to improve the 
validity of their studies. Since this is a controlled, scientific study, the results should 
be repeatable thus increasing the validity of the study. There is always the risk that the 
disease does not act in nature like it does in the lab, so even if the researchers can figure 
out the bacteria's behavior, it may not completely prepare them for disease among the 
general population (Sebbane et al, 2006). 
Molecular epidemiology provides many benefits to epidemiology studies. Continued 
surveillance of the disease and the use of more advanced analyses are being used as 
this disease continues to prevail worldwide. Lowell et al used molecular epidemiology 
to explore the sources of human exposure to Y Pestis, and their primary focus was to 
" . . .identify the source of human exposure and to assess the exposure site for potential 
continuing risk." After the bacterium was genome sequenced, researchers were able to 
identify several markers in the bacteria that showed variability. This variability is what 
they used to pinpoint the source of infections in different cases. The possible sources 
were determined from the case histories about the person and where they had been 
before the disease manifested. In this paper, the cases were reviewed on an individual 
basis, and then the challenges of a population outbreak were briefly discussed . An 
outbreak in 2002 caught the attention of many people, due to its unusual location, New 
York. Since there are significant concerns with bioterrorism, it was important to identify 
the source of the disease. Before knowing the genome of the bacteria, it was difficult to 
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f i g u r e  o u t  t h e  s o u r c e  f o r  s u r e ,  s i n c e  t h e r e  c a n  b e  m u l t i p l e  s o u r c e s  ( S e b b a n e  e t  a l ,  2 0 0 6 ) .  
W h e n  d e t e r m i n i n g  t h e  b a c t e r i a  s o u r c e s ,  r e s e a r c h e r s  c o l l e c t e d  f l e a s  f r o m  s i t e s  w h e r e  
t h e  p e r s o n  c o u l d  h a v e  b e e n  e x p o s e d  a n d  o t h e r  p o s s i b l e  s o u r c e s  o f  t h e  d i s e a s e .  F o r  
e x a m p l e ,  i n  o n e  c a s e  t h e y  s t u d i e d ,  t h e y  d e t e r m i n e d  t h a t  t h e  s o u r c e  w a s  f r o m  a  c a t  w h o  
h a d  p n e u m o n i a  p l a g u e  (  t h i s  w a s  n o t  c o n f i r m e d  b e c a u s e  t h e  c a t  h a d  d i e d  b e f o r e  a n  
i n v e s t i g a t i o n  c o u l d  b e  p e r f o r m e d ) .  I d e n t i f y i n g  t h e  s o u r c e  w a s  d e p e n d e n t  o n  t h e  n u m b e r  
m a r k e r s  t h a t  w e r e  d i f f e r e n t .  T h e  f e w e r  d i f f e r e n c e s ,  t h e  m o r e  l i k e l y  t h e  s a m p l e  w a s  f r o m  
t h e  s o u r c e  o f  t h e  d i s e a s e .  T h e  r e s e a r c h e r s  i n  t h i s  p a p e r  i n d i c a t e d  t h a t  i f  o n l y  1 - 2  m a r k e r s  
w e r e  d i f f e r e n t ,  t h e n  t h a t  w a s  a  p o s i t i v e  i d e n t i f i c a t i o n  o f  t h e  s o u r c e .  T h e  r e a s o n  t h a t  t h e r e  
i s  a n y  d i f f e r e n c e  i s  d u e  t o  t h e  h i g h  m u t a t i o n  r a t e  o f  t h e  b a c t e r i a .  E v e n  i f  t h e  s o u r c e  i s  
i d e n t i f i e d ,  i t  i s  r e c o m m e n d e d  t h a t  p u b l i c  h e a l t h  o f f i c i a l s  d o  n o t  d e t e r m i n e  t h e i r  a c t i o n  o f  
i n t e r v e n t i o n  b a s e d  o n  t h e s e  r e s u l t s  a l o n e .  U s i n g  t h i s  m o l e c u l a r  t e c h n i q u e  d i r e c t s  w h e r e  
f u r t h e r  i n v e s t i g a t i o n  s h o u l d  b e  c o n c e n t r a t e d ,  a n d  w i t h  a d d i t i o n a l  i n f o r m a t i o n ,  a  p l a n  
o f  i n t e r v e n t i o n  c a n  b e  d e v e l o p e d  t o  p r e v e n t  a n  o u t b r e a k  o f  t h e  d i s e a s e  ( S e b b a n e  e t  a l ,  
2 0 0 6 ) .  
T h e  b i g g e s t  s o u r c e  o f  d i s c r e p a n c y  s e e m s  t o  b e  w i t h  d e t e r m i n i n g  a  p o s i t i v e  m a t c h  
b e t w e e n  t h e  s o u r c e  a n d  t h e  b a c t e r i a  p r e s e n t  i n  t h e  c a s e .  F o r  t h i s  r e a s o n ,  t h e  m o l e c u l a r  
e p i d e m i o l o g y  i n v e s t i g a t i o n s  p r o v i d e  u s e f u l  i n f o r m a t i o n  i n  o r d e r  t o  d i r e c t  f u r t h e r  
i n v e s t i g a t i o n .  T o  a d v a n c e  t h e  v a l i d i t y  o f  t h e  s t u d y ,  t h e  r e s e a r c h e r s  c o u l d  h a v e  a d d r e s s e d  
t h e  i s s u e  o f  d i s a g r e e m e n t  b e t w e e n  e x p e r t s  a b o u t  w h a t  i d e n t i f i e s  a  p o s i t i v e  s o u r c e .  T h e  
p a p e r  a l s o  d o e s  n o t  a d d r e s s  v a r i a b i l i t y  t h a t  c o u l d  b e  i n t r o d u c e d  b y  t h e  c a s e s .  I f  t h e  
r e s e a r c h e r s  d o  n o t  g e t  a  f u l l  h i s t o r y ,  t h e y  c o u l d  m i s s  a n  i m p o r t a n t  s o u r c e .  I n  a n  e p i d e m i c  
t h a t  s p a n s  a  l a r g e  d e m o g r a p h i c ,  t h e  a b i l i t y  t o  i d e n t i f y  a  s p e c i f i c  s o u r c e  b e c o m e s  e v e n  
m o r e  d i f f i c u l t .  T h i s  w a s  d u e  t o  t h e  f a c t  t h a t  a  w i d e s p r e a d  o u t b r e a k  p r o b a b l y  o c c u r r e d  
d u e  t o  m u l t i p l e  s o u r c e s ,  a n d  t h e  n e e d  f o r  o t h e r  e p i d e m i o l o g y  s t u d y  t e c h n i q u e s  a r e  
n e e d e d  t o  g e t  a  b e t t e r  u n d e r s t a n d i n g  o f  t h e  a c t i v i t y  o f  t h e  o u t b r e a k  b e f o r e  o f f i c i a l s  c a n  
e v e n  b e g i n  t o  a d d r e s s  p r e v e n t i o n  a c t i o n s  ( S e b b a n e  e t  a l ,  2 0 0 6 ) .  
D e W i t t e ,  e t  a l  l o o k e d  a t  t h e  c a u s e  a n d  s p r e a d  o f  t h e  d i s e a s e  f r o m  a  d i f f e r e n t  
p e r s p e c t i v e ;  t h e  r e s e a r c h e r s  l o o k e d  a t  w h e t h e r  a  p e r s o n  w a s  m o r e  s u s c e p t i b l e  t o  
c o n t r a c t i n g  t h e  d i s e a s e  i f  t h e y  w e r e  c o n s i d e r e d  f r a i l .  I n  t h e  s t u d y ,  f r a i l  w a s  d e f i n e d  a s  "  . . .  
t h e  p r e s e n c e  o f  a t  l e a s t  o n e  s k e l e t a l  l e s i o n  ( p o r o t i c  h y p e r o s t o s i s ,  c r i b r a  o r b i t a l i a ,  l i n e a r  
e n a m e l  h y p o p l a s i a ,  p e r i o s t e a l  l e s i o n s  o f  t h e  t i b i a ,  o r  s h o r t  f e m u r  l e n g t h )  . . .  , "  a n d  t h i s  
w a s  "  . . .  a s s o c i a t e d  w i t h  e a r l i e r  e p i s o d e s  o f  i n f e c t i o n ,  u n d e r - n u t r i t i o n ,  o r  o t h e r  f o r m s  
o f  p h y s i o l o g i c a l  s t r e s s "  ( D e  W i t t e  &  W o o d ,  2 0 0 8 ) .  T h e  s t u d y  c l a i m e d  t h a t  m o r t a l i t y  
c a u s e d  b y  t h e  B u b o n i c  P l a g u e  w a s  a f f e c t e d  b y  t h e  e n v i r o n m e n t a l  f a c t o r  o f  f r a i l t y ,  b u t  
t h e  a s s o c i a t i o n  w a s n ' t  e x c l u s i v e .  I n  o t h e r  w o r d s ,  e v e r y o n e  w a s  s u s c e p t i b l e  t o  e x p o s u r e  
a n d  t h e  r i s k  o f  c o n t r a c t i n g  t h e  d i s e a s e ,  b u t  t h e r e  w e r e  o t h e r  e n v i r o n m e n t a l  f a c t o r s  t h a t  
c r e a t e d  v a r i e t y  i n  w h a t  g r o u p s  w e r e  m o r e  a f f e c t e d  b y  t h e  d i s e a s e .  P a l e o e p i d e m i o l o g y  w a s  
u s e d  t o  a n a l y z e  t h i s  h y p o t h e s i s ,  a n d  t h e  r e s e a r c h e r s  u s e d  s k e l e t o n s  f r o m  t w o  d i f f e r e n t  
l o c a t i o n s  t o  d o  a  c a s e - s t u d y  t y p e  a n a l y s i s  t h a t  l o o k e d  a t  t h e  m o r t a l i t y  r a t e  a n d  b i o l o g i c a l  
i n d i c a t o r s  o f  t h e  c o n d i t i o n  o f  t h e  s k e l e t o n s  u p o n  d e a t h .  T h e  c a s e  g r o u p  w a s  g a t h e r e d  
f r o m  E a s t  S m i t h f i e l d  c e m e t e r y ,  w h i c h  w a s  c r e a t e d  e x c l u s i v e l y  f o r  t h e  p u r p o s e  o f  b u r y i n g  
B l a c k  P l a g u e  v i c t i m s  b e t w e e n  1 3 4 7  a n d  1 3 5 1 .  A  c o n t r o l  g r o u p  w a s  c r e a t e d  i n  o r d e r  t o  
l o o k  a t  t h e  d e a t h  p a t t e r n s  i n  p o p u l a t i o n s  t h a t  w e r e  n o t  d e v a s t a t e d  b y  t h e  B l a c k  P l a g u e .  
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To avoid the influence of residual disease effects, the control population was taken 
from medieval Denmark cemeteries that provided an accurate sample of the population 
prior to the epidemic. This location was chosen, because at the time it had a very close 
socioeconomic structure to England, where the East Smithfield cemetery is located 
(DeWitte & Wood, 2008). 
Two-hundred-ninety-one skeletons in the control population and 490 skeletons 
in the case population were evaluated for skeletal frailties. The results indicated there 
were significant correlations between all of the frailties that were evaluated and mortality 
except for short femurs among the populations. The results also indicate that the 
association between frailty and death was much higher in the Denmark population 
verses the London population. By comparing the London population to the Denmark 
population, researchers can begin to determine whether the Black Plague truly behaved 
indiscriminately or whether the disease behaved in a normal endemic pattern of a 
disease. While there was evidence that the Black Plague affected frail people more, it 
still was indiscriminate to a certain degree. There were a significantly higher proportion 
of skeletons among the London population that did not have indications of frailty but 
still died because of the bubonic plague. Since the skeletons that showed frailties had a 
higher density, this would indicate that the frail died more than the healthy. Ultimately, 
the paper concludes that it is very unlikely to find a causative agent condition that is not 
influenced by health conditions. Other studies on warfare and severe famine show that 
the frail are more affected by the conditions than the healthy. Frailty may actually be a 
confounding factor in these conclusions, because evidence suggests that it is associated 
with increased mortality, but there is not actually a causal relationship between mortality 
and frailty (DeWitte & Wood, 2008). 
Since the researchers. chose their populations from skeletons in specific cemeteries, 
this could introduce a possibility for bias, which was addressed throughout the article. 
The most evident concern is the introduction of selection bias. The study populations 
were not chosen at random from a whole population, histories were not provided 
for the subjects since they were already dead, and other variables like age, race, and 
socioeconomic standing were not determinable during the study. Since these differences 
were not determined, there are many variables that could be confounding the 
conclusions of this study, and the researchers address this by stating the results provide 
evidence that there is a consistent pattern suggesting a relationship between frailty and 
the risk of infection, but the data may not be statistically significant. Factors that may 
contribute to bias include that fact that older people tend to be more susceptible to 
disease, and there is not a way to know the health characteristics of individuals before 
they died. What actually caused the lesions on the skeletons may introduce further 
variability, especially between the controls and the cases. Causes of periosteal lesions of 
the tibia may be different depending on whether the individual lived in Denmark or 
London. The researchers tried to account for this by picking two locations with similar 
demographics during that time period. To eliminate some of the other variables that 
arise when studying populations from the past, paleontologists select from catastrophic 
skeletal samples. When a large number of people die at a point in time, it is easier to 
determine whether the cause in question is the causative agent. The researchers took 
International Journal of Global Health and Health Disparities 139 
8
International Journal of Global Health and Health Disparities, Vol. 6, No. 1 [2009], Art. 15
http://scholarworks.uni.edu/ijghhd/vol6/iss1/15
s e v e r a l  s t e p s  t o  m i n i m i z e  t h e  v a r i a b i l i t y  i n  t h e i r  s t u d y  a n d  t h o r o u g h l y  a d d r e s s e d  p o s s i b l e  
d i s c r e p a n c i e s  i n  t h e i r  s t u d y .  U s i n g  o b j e c t i v e  o b s e r v a t i o n s  o f  t h e  s k e l e t o n s  a d d e d  v a l i d i t y  
t o  t h e  p a t t e r n s  t h a t  w e r e  o b s e r v e d ;  i n d i c a t i n g  t h a t  t h e r e  i s  a  d i r e c t  o r  i n d i r e c t  a s s o c i a t i o n  
b e t w e e n  f r a i l t y  a n d  e x p o s u r e  t o  t h e  d i s e a s e .  I n  t h e  d i s c u s s i o n  i t  i s  s u g g e s t e d  t h a t  t h e  
a s s o c i a t i o n  i s  m o s t  l i k e l y  i n d i r e c t .  T h e  c l a i m  t h a t  t h e  d i s e a s e  i s  i n d i s c r i m i n a t e  i s  v a l i d  t o  
a  c e r t a i n  d e g r e e  b e c a u s e  h e a l t h y  s k e l e t o n s  a n d  s k e l e t o n s  w i t h  t h e  e v a l u a t e d  l e s i o n s  w e r e  
p r e s e n t  i n  h i g h e r  d e n s i t i e s  i n  t h e  c a s e  p o p u l a t i o n  ( D e W i t t e  &  W o o d ,  2 0 0 8 ) .  
L J  S i l v i a  a d d r e s s e d  t h e  i s s u e  o f  p u b l i c  h e a l t h  a n d  i t s  r o l e  i n  p r e v e n t i n g  o r  a d d r e s s i n g  
e m e r g i n g  d i s e a s e .  S i n c e  t h e r e  i s  a  p r e s e n t  c o n c e r n  f o r  t h e  b u b o n i c  p l a g u e  b e c o m i n g  a  
p r o m i n e n t  p r o b l e m  a g a i n  ( K e e l i n g  &  G i l l i g a n ,  2 0 0 0 ) ,  t h e  i d e a s  p r e s e n t e d  i n  t h e  p a p e r  
p r o v i d e  s i g n i f i c a n t  i n f o r m a t i o n  a b o u t  t h e  n e e d  f o r  e f f e c t i v e  p u b l i c  h e a l t h  i n t e r v e n t i o n .  
O n e  o f  t h e  t u r n i n g  p o i n t s  i n  p u b l i c  h e a l t h  i n t e r v e n t i o n  o c c u r r e d  i n  B r a z i l  w h e n  
t h e  b u b o n i c  p l a g u e  r e a c h e d  S a n t o s ,  R i o  d e  J a n e i r o  a t  t h e  e n d  o f  t h e  1 9
t h  
c e n t u r y .  
T h e  d e v a s t a t i n g  r e s u l t s  o f  t h e  o u t b r e a k  l e a d  t o  t h e  f o r m a t i o n  o f  t h e  c o u n t r y ' s  f i r s t  
b i o t e c h n o l o g y  c e n t e r .  C o n c e r n s  f o r  t h i s  c o u n t r y  f o c u s e d  o n  t h e i r  e c o n o m i c  d e p e n d e n c e  
o n  c o f f e e  g r o w i n g .  S i n c e  t h i s  w a s  a n  e p i c e n t e r  f o r  g r o w i n g  a n d  t r a d e  o f  c o f f e e ,  t h e  a r e a  
w a s  m o r e  s u s c e p t i b l e  t o  i n f e c t i o u s  d i s e a s e  i n c l u d i n g  i n d i g e n o u s  d i s e a s e  a n d  f o r e i g n  o n e s .  
A  c l e a r  c o n c l u s i o n  t h a t  h a s  b e c o m e  a p p a r e n t  a f t e r  a l l  t h e  i n f e c t i o u s  d i s e a s e  o u t b r e a k s  
t h a t  S a o  P a u l o  h a s  e x p e r i e n c e d  i s  t h a t  c o n s t a n t  p u b l i c  h e a l t h  i n t e r v e n t i o n  i s  n e e d e d ,  
e v e n  a f t e r  a  d i s e a s e  h a s  b e e n  d e a l t  w i t h .  P o p u l a t i o n s  a r e  a l w a y s  c h a n g i n g ;  t r a v e l  i s  
b e c o m i n g  a  m o r e  c o m m o n  p r a c t i c e  w o r l d w i d e ,  m e a n i n g  i n f e c t i o u s  d i s e a s e s  c a n  m i g r a t e  
f a s t e r  a n d  f u r t h e r ;  a n d  m i c r o b e s  a r e  c o n s t a n t l y  m u t a t i n g  a s  w e l l .  R e e m e r g i n g  d i s e a s e s  i n  
t h e  l a t e  2 0
t h  
c e n t u r y  c o n f i r m e d  t h a t  o n c e  t h e  p r o b l e m  i s  " f i x e d "  d o e s  n o t  m e a n  t h a t  i t  
c a n  b e  f o r g o t t e n .  A d v a n c i n g  m e d i c i n e ,  c h a n g i n g  e c o s y s t e m s  a n d  c h a n g i n g  p o p u l a t i o n  
d i s t r i b u t i o n s  a r e  o c c u r r i n g  a t  a  r a p i d  p a c e ,  a n d  i n  o r d e r  f o r  p u b l i c  h e a l t h  t o  k e e p  u p  w i t h  
c h a n g e s  a n d  t o  p r o t e c t  t h e  p u b l i c ,  e p i d e m i o l o g i c  s t u d i e s  a r e  e s s e n t i a l .  T h e  c o n c e r n  i s  
t h a t  t h e  c h a n g e s  a r e  h a p p e n i n g  s o  q u i c k l y  a n d  t h a t  e p i d e m i o l o g y  g e n e r a l l y  f o c u s e s  o n  
p a s t  t r e n d s  m a y  b e  a n  i n h i b i t i n g  f a c t o r  a b o u t  t h e  q u a l i t y  o f  t h e  i n f o r m a t i o n  p r o v i d e d  b y  
t h e s e  s t u d i e s .  T h i s  a l l  a p p l i e s  t o  t h e  B u b o n i c  P l a g u e  a s  e v i d e n c e d  b y  t h e  p e r s i s t e n c e  o f  
t h e  d i s e a s e  i n  p r e s e n t  d a y ,  a n d  b e c a u s e  o f  r e c e n t  e p i d e m i c s  w o r l d w i d e .  T h e r e  h a v e  b e e n  
t h r e e  p a n d e m i c s  t h a t  w e r e  d e t r i m e n t a l  t o  t h e  h u m a n  p o p u l a t i o n ,  a n d  s c i e n t i s t s  w a n t  t o  
p r e v e n t  a  f o u r t h  f r o m  h a p p e n i n g .  B e i n g  a w a r e  o f  t h e  c o n c e p t s  a n d  c o n c e r n s  p r e s e n t e d  
i n  t h i s  p a p e r  w i l l  c o n t r i b u t e  t o  a c t i o n s  a g a i n s t  t h e  d i s e a s e  ( S i l v a ,  2 0 0 1  ) .  
S U M M A R Y  
A f t e r  l o o k i n g  a t  t h e  B l a c k  P l a g u e  f r o m  m a n y  d i f f e r e n t  a s p e c t s ,  i t  h a s  b e e n  
d e t e r m i n e d  t h a t  f l e a s  o n  r o d e n t s  a r e  t h e  m a i n  c o n c e r n  f o r  t r a n s m i t t i n g  Y .  p e s t i s .  R a t s  
a r e  t h e  m a i n  c a r r i e r s  o f  t h e  f l e a s ,  a n d  t h e y  a r e  c o m m o n l y  f o u n d  i n  p o p u l a t e d  c i t i e s  w i t h  
p o o r  s a n i t a t i o n .  T h e s e  c o n d i t i o n s  p r o v i d e  h o m e s  a n d  f o o d  t o  t h e  p e s t s  s o  t h e y  c a n  t h r i v e  
( B o i s e i e r  e t  a l ,  2 0 0 2 ) .  W i t h  c o n t i n u o u s  o u t b r e a k s  i n  t h e  r o d e n t  p o p u l a t i o n ,  t h e  d i s e a s e  
c o n t i n u e s  t o  r e s u r f a c e ,  a n d  w h e n  a  p a r t i c u l a r  w a v e  d e v a s t a t e s  t h e  r a t  p o p u l a t i o n ,  t h e  
n e x t  c l o s e s t  h o s t ,  h u m a n s ,  b e c o m e s  t h e  t a r g e t .  A n  i m p o r t a n t  v a r i a b l e  i n  t h e  t r a n s m i s s i o n  
o f  t h e  d i s e a s e  i s  f r a i l t y  o f  t h e  p e r s o n .  I n  g e n e r a l  o l d e r  o r  f r a i l e r  p e o p l e  a r e  m o r e  
s u s c e p t i b l e  t o  d i s e a s e ,  b u t  t h e s e  f a c t o r s  d o  n o t  h a v e  d i r e c t  i m p a c t  o n  t h e  t r a n s m i s s i o n  
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of this disease. Since there is a persistence of the disease among the human population, 
and there have been epidemics within the past 30 years, scientists and public health 
officials are working to understand the pathogenesis of the disease, and trying to find 
a way to prevent another pandemic (Keeling & Gilligan, 2000). Zietz et al shows how 
the knowledge of transmission and Sebbane shows how the bacteria causes disease in the 
body. 
For prevention, the National Park Service-U.S. department of the Interior has a set 
of guidelines in an attempt to prevent infection in the first place, and it outlines how 
to get rid of the pests. The key is to get rid of the flea, not just the rat. Insecticides are 
a common way that tl1e flea population is reduced. By keeping areas clean of garbage 
and potential homes for the rodents, people can lower their possibility of exposure. 
With suspected exposure, antibiotics can be used to prevent the clinical symptoms. It is 
clear that even if the disease seems to be cleared from an area, there is a possibility for 
the disease to come back; it is just a matter of time. This was a hard lesson learned in 
Madagascar, and this occurrence enlightened the rest of the world to continue awareness 
and surveillance of rat populations and disease occurrences even if the disease is not 
present at the time. 
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